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KERATINOLYTIC ACTIVITY OF TRICHOPHYTON SCHOENLEINI,
TRICHOPHYTON RUBRUM AND TRICHOPHYTON
MEN TAGROPHYTES*
PEYTON E. WEARY, M.D. AND CHARLES M. CANBY, M.S.
Previous reports (1, 2) have presented evi-
dence that Micros porum cani.s and Microsporum
gypseurn possess keratinolytic activity on ethylene
oxide sterilized wool and that several strains of
Candida albican.s do not possess such activity.
In this report we present data indicating that
Trichophyton schoenleini and Trichophyton ru-
brum organisms possess significant keratinolytic
activity while Trichophyton mentagrophytes does
not. The possible implications of these observa-
tions will be discussed.
MATERIALS AND METHODS
1. Preparation of Keratin Substrate:
Two grams of wool which had been cleaned, cut,
and sterilized with ethylene oxide as previously
described (1) were added to each flask as a sub-
strate for fungal growth.
II. Preparation of Flasks for Inoculation:
A basal salts solution containing the following
ingredients per liter of glass distilled water was
used:
Fernbach flasks containing 380 mu of this basal
salts solution were autoelaved. The final pH of the
solution was 8.3—8.4.
III. Preparation of the Fungal Inocula:
The following fungal organisms were investi-
gated during the course of this study:
Trichophyton schoenleini—(American type cul-
ture collection strains 11682 and 11683).
Trichophyton rubrum—(American type culture
collection strains 1018 and 11000).
Trichophyton mentagrophytes—(American type
culture collection strains 11481 and 10271).
All organisms were maintained as stock cultures
on Sabouraud's Dextrose Agar at 30° C. Organ-
isms, scraped or washed off the slants, were
inoculated into flasks of Sabouraud's Dextrose
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Broth which were then incubated on a gyrorotary
shaker at 30° C for periods of 5—7 days or until
adequate growth as fungal pellets had taken place.
The pellets were washed several times in sterile
saline solution and transferred in the saline solu-
tion to an Aseptic Dispersal! unit (Waring) where
homogenization to a uniform hyphal suspension
was accomplished. Ten ml of this suspension of
hyphae in saline was used for inoculation of the
flasks.
IV. Inoculation of Flasks:
The Fernbach flasks containing 380 ml of the
basal salts solution were divided into the following
groups:
a) Wool Controls—To which were added 2 gms
of ethylene oxide sterilized wool, 10 ml of sterile
saline solution and 10 ml of the basal salts solution
containing Kanamycin (40 mgm/ml).
b) Fungus Controls—To which were added 10
ml of a fungal inoculum and 10 ml. of Kanamycin
in basal salts solution (40 mgm/ml).
c) Test Samples—To which were added 2 gms of
ethylene oxide sterilized wool, 10 ml of thQ fungal
inoculum and 10 ml of Kanamycin in basal salts
solution (40 mgm/ml).
All flasks were plugged with cotton and gauze,
weighed and incubated as static cultures at one of
three temperatures: 35° C, 30° C, and room tem-
perature which ranged from 22.5° C to 28.9° C.
V. Removal of Samples:
Aliquots (10 ml) were removed from all flasks at
the end of 24 hours, 5 weeks and 10 weeks of
incubation. Prior to removal of samples, the flasks
were re-weighed to determine the volume of fluid
lost by evaporation since the previous sampling.
Portions of the samples were added to both
Thioglycollate Broth and Sabouraud's Dextrose
Agar slants to determine the viability of the
fungal organisms as well as the presence or absence
of bacterial or fungal contamination. Bacterial
contamination was largely eliminated by the use
of Kanamycin, however, certain flasks became
contaminated by saprophytic fungi and yeast
organisms during the course of the experiments
and were discarded.
VI. Determination of Soluble Su!fhydryl-con-
taming Compounds and Protein.
The supernate of the centrifuged samples re-
moved from the flasks was analyzed for the
content of soluble sulfhydryl-containing com-
pounds by the spectrophotometric method of
Boyer (3). Protein content of the samples was
determined by the method of Lowry et at. (4)
Values of soluble sulfhydryl-eontaining com-
pounds are expressed in terms of equivalence to
micrograms of cysteine per ml of medium and
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protein values are expressed in terms of micro-
grams of protein per ml of medium.
RESULTS
In all figures shown, the values for the wool
controls (Table I) are added to the values for
the fungal controls (Tables IT—TV) to provide a
basis for comparison with the test samples (Tables
TABLE I
Wool controls at various temperatures
TABLE II
Two strains of Trichophyton schoenleini
Fungus Controls and Test Samples
at Various Temperatures
Sulfhydryldeterminations
in micrograms
cysteine per ml
medium
24 5 10hrs wks wks
Protein
determinations
in micrograms
protein per ml
medium
24 5 10hrs wks wks
Strain 11682
35°C
Fungus Control 0.0 0.0 0.0 0.1 0.0 0.0
Test Samples 0.5 6.810.316.056.055.0
Strain 11682 0.0 0.2 0.016.0 3.0 1.0
30°C 0.0 0.0 0.0 8.0 0.0 6.0
Fungus 0.0 0.0 0.0 4.0 0.0 4.0
Controls 0.0 0.0 0.0 4.0 0.0 9.0
Sulfhydryldeterminations
in micrograms
cysteine per ml
medium
Protein
determinations
in micrograms
protein per ml
medium
24
lirs
5
wks
10
wks
24
hrs
5
wks
10
wks
Wool Controls at
35°C
1.0
0.7
0.5
0.0
0.0
0.2
0.7
0.8
0.0
0.0
4.4
7.7
6.0
6.4
5.5
5.7
5.1
3.9
6.6
9.0 0.019.030.0
5.913.9 0.036.047.0
9.6 0.0 0.0 42.0
8.7 0.032.042.0
8.911.024.063.0
8.814.032.040.0
8.910.026.042.0
7.611.042.063.0
6.0 0.031.061.0
7.116.040.060.0
Average 0.4 5.7 8.8 6.228.249.6
Wool Controls at 0.0
30°C 0.5
0.2
0.0
0.0
0.5
0.0
0.2
0.0
0.5
Average 0.2
4.0
4.6
4.2
5.4
4.7
4.4
4.6
3.2
4.0
4.4
7.5 0.029.030.0
8.9 0.036.033.0
7.2 0.024.033.0
5.611.049.048.0
6.515.035.036.0
6.723.032.055.0
4.622.033.044.0
4.515.042.052.0
6.3 0.011.026.0
9.320.023.0 7.0
4.3 6.710.631.436.4
Wool Controls at
Room Tempera-
ture
0.2
0.0
0.0
0.3
0.0
0.0
0.0
3.6
2.8
2.4
2.0
2.7
0.0
2.9
5.1 5.058.051.0
5.3 5.019.039.0
3.513.042.042.0
* 12.014.0 *
4.714.020.014.0
1.710.030.023.0
3.022.025.037.0
Average 0.1 2.3
3.911.629.734.3
Average 0.0 0.0 0.0 8.0 1.0 5.0
Strain 11682
Test
Samples
30°C
0.0
0.0
0.3
0.3
7.110.828.048.062.0
5.4 9.527.044.054.0
6.411.328.048.058.0
6.011.325.041.069.0
Average 0.1 6.210.727.045.061.0
Strain 11682
Room Temp.
Fungus Control
TestSample
Strain 11683
30°C
Fungus
Controls
0.0
0.3
0.6
0.9
0.6
1.4
0.6
0.0
4.7
1.2
1.3
1.6
1.3
0.6
0.0 3.0 0.0 0.0
7.815.043.046.0
3.115.0 5.0 7.0
0.9 16.0 5.0 6.0
0.520.011.012.0
0.1 13.0 0.0 6.0
0.020.010.0 4.0
Average 0.8 1.2 0.9 18.0 6.0 7.0
Strain 11683
30°C
Test
Samples
0.9
0.0
0.9
0.0
9.919.623.054.065.0
0.910.020.122.056.062.O
8.919.330.041.058.0
9.221.220.046.060.0
8.519.744.048.060.0
Average 0.5 9.320.028.049.061.0
* Flask contaminated by saprophytic fungus or
bacterial organism.
IT—TV) containing both wool as a substrate and
fungal organisms. As mentioned in earlier reports,
the significant factor is not an absolute value for
either soluble sulfhydryl-containing compounds
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or for protein, but rather the difference in values
between the sum of the controls and the test
samples. All values shown have been corrected
for evaporative water loss.
Figures 1 and 2: Strain 11682 of Trichophyton
schoenleini exhibits somewhat greater release of
TABLE III
Two strains of Trichophyton rubr'um
Fungus Controls and Test Samples
at Various Temperatures
Sulfhydryl
determinations
in micrograms
cysteine per ml
medium
24 5 10lirs wks wks
Strain 10218
35°C
Fungus Control
Test Sample
Strain 10218
30°C
Fungus
Controls
Average 1.5 0.6 0.0 1.0 5.7 1.0
Strain 10218
30°C
Test
Samples
2.2
1.7
2.5
1.7
2.2
24.8
23.2
22.4
22.2
*
37.1
31.8
41.1
43.8
*
5.0
5.0
0.0
10.0
0.0
227.0
205.0
168.0
202.0
*
304.0
262.0
231.0
250.0
*
Average 2.1 23.1 38.4 4.0200.5261.7
Strain 10218
Room Temp.
Fungus Control
TestSample
Strain 11900
35°C
Fungus Control
Test Sample
Strain 11900
30°C
Fungus
Controls
1.7
2.2
0.8
0.3
1.8
0.5
0.8
1.8
0.8
9.2
1.3
20.8
0.6
*
1.3
1.3
1.3
0.3
0.7
21.0
*
1.8
1.1
1.9
0.0
16.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
111.0
0.0
144.0
0.0
0.0
0.0
0.0
193.0
11.0
127.0
8.0
12.0
0.0
Average 1.1 1.1 1.6 0.0 0.0 6.7
Sulphydryl
determinations
in micrograms
cysteine per ml
medium
24 5 10hrs wks wks
Protein
determinations in
micrograms protein
per ml medium
24 5 10hrs wks wks
Strain 11900
30°C
Test
Samples
1.8
0.8
0.8
1.3
2.0
14.9
13.3
14.6
24.0
18.7
22.9
0.0
0.0
0.0
0.0
0.0
132.0
124.0
127.0
153.0
131.0
127.0
Average 1.3 14.3 21.9 0.0 127.7 137.0
Strain 11900
Room Temp.
Fungus Control
Test Sample
0.5
2.0
0.9
6.5
2.1
7.7
0.0
5.0
0.0
133.0
0.0
129.0
2.0 * Flask contaminated by saprophytic fungus or
* bacterial organism.
soluble sulfhydryl-containing compounds than
the sum of the controls particularly at lower tem-
peratures. Protein values are also slightly greater
in the test samples but as we have noted in
earlier reports, protein values appear to be less
reliable as indicators of keratinolysis than soluble
sulfhydryl-containing compounds.
Figure 3: Strain 11683 of Trichophyton schoen-
leini shows an even greater release of soluble
sulfhydryl-containing compounds than does
strain 11682 at 30°C. However, the protein re-
lease is oniy slightly greater than the sum of the
controls.
Figures 4 and 5: Strain 11900 of Trichophyton
rubrum shows marked differences between test
samples and controls at temperatures of 35°C
and 30°C, both in regard to release of soluble
sulfhydryl-containing compounds and protein.
The difference at room temperature is minimal
for release of soluble sulihydryl-containing
compounds but great for protein release.
Figure 6: Strain 10218 of Trichophyton rubrum
shows the most significant differences of any
strain yet tested between the controls and the
test samples at 30°C.
Figures 7 and 8: Strain 11481 of Trichophyton
mentagrophytes does not release soluble sulfhy-
dryl-containing compounds from wool although
there is greater protein release in the test samples
than in the controls.
TABLE 111—Continued
Protein
determinations in
micrograms protein
per ml medium
24
hrs
5 10
wks wks
0.7 0.4 0.0 0.0
1.5 * * 11.0 0.0*
0.0
13.0
0.0
10.0
*
1.7
1.5
1.5
1.0
1.7
0.
0.c
0.
*
0.0
0.0
0.0
0.0
*
0.0
0.0
5.0
0.0
0.0
1.0
0.0
4.0
0.0
*
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Strain 10271
30°C
Test
Samples
Sulihydryldeterminations
in micrograms
cystine per i
medium
Protein
determinations in•
micrograms protienper ml medium
24
hrs
2.0
0.7
0.7
1.2
2.0
5
wks
3.9
4.9
3.1
6.7
10
wks
4.4
6.4
6.5
7.2
24
hrs
0.0
0.0
0.0
0.0
0.0
5
wks
107.0
118.0
151.0
115.0
10
wks
139.0
133.0
158.0
150.0
Average 1.3 4.6 6.1 0.0 122.7 145.0
Strain 10271
Room Temp.
Fungus Control
Test Sample
1.3
1.3
1.2
4.5
0.0
4.3
0.0
0.0
0.0
106.0
0.0
132.0
* Flask contaminated by saprophytic fungus or
bacterial organism.
20
9-
Ii-
El
T '4-
a-
0-
7-
5-
4-
3-
2-
Release of Soluble Suit hydryl-Containing Compounds from Wool (5 mgmfml)
by Tnichophyton Schoenieini (Strain 1682) at Various Temperatures
TABLE TV—ContinuedFigures 9 and 10: Strain 10271 of Trichophyton
mentagrophytes also exhibits rather equivocal
differences. While protein values of the test sam-
ples are notably higher than the sum of the con-
trols, and release of soluble sulihydryl-containing
compounds is higher in the test samples at 35°C,
TABLE IV
Two strains of Trichophyton mentagrophytes
Fungus Controls and Test Samples
at Various Temperatures
Strain 11481
35°C
Fungus Control
Test Sample
Strain 11481
30°C
Fungus
Controls
Sulfhydryldeterminations
in micrograms
cysteine per ml
medium
24 5 10hrs wks wks
1.7 0.6 0.9
1.7 1.9 1.9
0.0 0.6 0.6
0.2 * *
0.2 0.6 1.3
0.7 0.4 1.0
0.2 1.0 0.8
Protein
determinations in
micrograms protein
per ml medium
0.0 0.0 3.0
0.0130.0179.0
0.0 4.0 19.0
0.0 * *
0.0 14.0 0.0
0.0 0.0 17.0
0.0 0.0 8.0
24
hrs
S
wks
10
wks
Average 0.3 0.6 0.9 0.0 4.5 11.0
Strain 11481
30°C
Test
Samples
1.0
1.0
0.7
0.7
0.7
2.4
2.3
4.6
4.4
2.7
1.3
4.3
5.0
0.0100.0157.0
0.0 * *
0.0115.0148.0
0.0 89.0 167.0
0.0 89.0 136.0
Average 0.8 3.4 3.3 0.0 98.2152.0
Strain 11481
Room Temp.
Fungus Control
Test Sample
Strain 10271
35°C
Fungus Control
Test Sample
Strain 10271
30°C
Fungus Controls
0.5
0.7
1.2
2.5
0.7
0.7
1.2
1.5
2.0
0.5 1.3 0.0 5.0 8.0
4.2 3.7 0.0 70.0136.0
1.3 0.1 0.0 4.0 35.0
6.420.8 0.0143.0151.0
1.1 0.0 0.0 9.0 8.0
1.6 0.0 11.0 0.0 12.0
0.4 0.0 0.0 0.0 0.0
1.1 0.0 0.0 0.0 4.0
1.6 0.0 0.0 0.0 0.0
Average 1.2 1.2 0.0 2.2 1.8 4.8
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FIG. 1
there is not much difference observed at 30°C
and room temperature.
DISCUSSION
Our data indicates that both strains of Tric/jo-
phyton schoenleini exhibit definite ability to
digest ethylene oxide sterilized wool and thereby
release soluble sulfhydryl-containing compounds.
Not only do these organisms possess substantial
keratinolytic activity from a biochemical stand-
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fibers leaving an intact tube of cuticle cells (Fig-
ures 11 and 12). A reasonable interpretation is
l8 that the cuticle cells are more resistant to the
keratinolytic activity of these organisms than
is the keratin moiety. This observation suggests
to us that a plausible explanation as to why
Trichophyton rubrum organisms so seldom attack
hair fibers in vivo, while readily destroying other
hard keratinous structures such as nails, may be
found in the limited ability of the organisms to
dissolve or penetrate the intact cuticular sheath
with which hairs are invested. Vanbreuseghem
(7, 8) presented evidence that strains of Tricho-
phyton rubrum can attack and dissolve human
0
FIG. 3
point, but also they are capable of producing
microscopic wool fiber disruption in the test
samples. The attack upon the fibers is random
with fragmentation and gradual erosion of the
fiber shaft.
Both strains of Trichophyton rubrum exhibit
marked keratinolytic activity in our test system.
Microscopic examination of the wool fibers in
the test samples of both strains reveal, further-
more, a finding not previously noted during our
observations on keratinolytic activity of other
species of dermatophytes. The keratinous ma-
terial of many fibers is observed to be partially
or completely dissolved from the centers of many
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hair in vitro at a few loci along the shaft. The fact
that there does not appear to be uniform attack
on the fiber at many loci, however, would sup-
port the concept that the organisms possess only
a limited ability to penetrate or dissolve intact
cuticle sheaths, and suggests that perhaps the
few points of attack observed by Vanbreuseghem
represent loci minoris resistentiae such as a rent
in the cuticle which allows the organism to gain
entrance. Vanbreuseghem commented on the
apparent cuticular diasolution of the hair fiber,
21
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but judging from the photographs accompanying
his articles cuticular disappearance appeared to
be minimal. This newly suggested concept of the
limited ability of Trichophyton rubrum to pene-
trate or dissolve cuticular sheaths may possibly
be substantiated by the use of human hair fibers
as substrate for fungal growth.
The observations concerning the two strains of
Trichophyton mentogrophytes, although perhaps
somewhat equivocal, do not suggest that these
organisms possess definite keratinolytic activity.
It will be intriguing if it is ultimately established
that Trichophyton mentagrophytes does not exhibit
keratinolytic activity, since the ability of this
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organism to grow in the interstices of hair and
nails is well recognized (5, 6, 7, 8) and has been
used as a method of identification of this species
by some investigators. In addition, Mercer and
Release of Profein from Wool )5mqm/ml)
by Triohophyfon Menfogrophyfes llfroin 10271) 0f Vorioos Tempeeofores
Yerma (9) recently concluded, from a study based
upon alterations observed with the electron mi-
croscope in human hair under attack by Tricho-
phytom mentaqrophytes, that this organism can
digest keratin. Unfortunately, conclusions to be
drawn from their study must of necessity be
limited by the fact that they used heat-sterilized
(and hence partially denatured) hairs as a sub-
strate for fungal growth. Using Trichophyton.
mentagrophytes as an example, Raubitschek (5,
10) has pointed out that keratin fiber disruption
theoretically may be caused by dermatophyte
fungi on a purely mechanical basis without the
occurrence of actual keratinolysis. The present
study provides support for this concept because,
in spite of the fact that biochemical evidence of
true keratinolytic activity is lacking, microscopic
examination of the wool fibers in the test samples
reveals that both strains of Trichophyton menlo-
grophyles are able to produce marked fragments
tion and disruption of the wool fibers. If further
observations bear out absence of keratinolysis,
Fin. 11. Keratinolysis induced by strain 10218 of Trichophylon e-ubrum showing a disintegrating wool
fiber encased in an intact cuticle sheath (arrow).
Time is lays Time is lays Time is lays
FIG. 10
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FIG. 12. Keratinolysis induced by strain 11900 of Trichophyton rubrum to illustrate the cuticular
remnant (arrow) apparently unaffected during partial dissolution of the enclosed wool fiber.
Raubitsehek's theory will have reasonable sup-
port, at least as far as this organism is concerned.
It is becoming more obvious, however, that con-
clusions about keratinolytie activity based upon
observations of one species of dermatophyte are
often not valid for other species.
suIuIsIARv
1. Evidence is presented that several strains of
Trichophyton schoenleini and Triclwphyton ru-
brunt exhibit keratinolytie activity when grown
with ethylene oxide-sterilized wool as a sub-
strate.
2. Two strains of Trichophyton mentagrophytes
were apparently devoid of keratinolytie activity
under the experimental conditions of this study,
but substantiation of this observation under other
experimental conditions is deemed advisable
before reaching definite conclusions.
3. While Trichophyton mentagrophytes does not
exhibit chemical keratinolysis, it is capable of
severely disrupting and fragmenting wool fibers
and this would support Raubitsehek's theory
that certain organisms cause mechanical fiber
disruptionwithout producing chemical keratinol-
ysis.
4. The strains of Trichophyton rubrum investi-
gated caused extensive microscopic keratin fiber
dissolution but apparently did so without alter-
ing or dissolving the euticular sheaths of the
fibers. This observation leads us to speculate that
this organism is resisted in its attack on some
native keratin materials by their eutieular
sheaths.
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